Apresentamos aqui nossos resultados da adição de tióis, catalisada por PhSeBr, a compostos carbonílicos α,β-insaturados sob condições brandas para obter regiosseletivamente β-mercapto cetonas ou tioacetais com altos rendimentos e seletividade. A reação foi principalmente controlada pela temperatura, na qual os produtos de adição 1,4 foram obtidos à temperatura de -20 o C. Inversamente quando a reação foi realizada sob refluxo, tioacetais foram obtidos como único produto. O método admite diversos grupos funcionais, como alquilicos, benzilicos e arilicos com substituintes neutros, deficientes e ricos em elétrons no anel aromático.
Introduction
Thioacetals are useful intermediates in organic synthesis and are often used as masked carbonyl groups, in particular α-lithiated thioacetals that are synthetic equivalents of carbonyl anions. 1, 2 Thioacetals and thioketals are particularly attractive as carbonyl protecting groups in complex molecule synthesis because of their added stability to acidic conditions. In this view, there have been continued improvements in the thioacetal synthesis methods. Usually, these compounds are prepared by protic or Lewis acid-catalyzed condensation of carbonyl compounds with thiols. Lewis acid catalysts such as ZnCl 2 2 12 and others methods [13] [14] [15] have been used for this purpose. Despite those methods reported in the literature, some problems were found as, difficulties in work-up, isolation, requirement of inert atmosphere, harsh reaction conditions, expensive and stoichiometric reagents, incompatibility with other protecting groups and failure to protect desactivated and hindered substrates. In contrast, none of the reported methods describe the selective catalytic preparation of β-mercapto ketones or thioacetals from α,β-unsaturated carbonyl compounds with thiols, catalyzed by PhSeBr. Therefore, it would be of interest to define a method in order to prepare selectively β-mercapto ketones or thioacetals starting from α,β-unsaturated carbonyl compounds and thiols (Scheme 1).
Results and Discussion
Our initial studies have focused on the development of an optimum set of reaction conditions to obtain β-mercapto ketones in the absence of thioacetals. In Vol. 21, No. 11, 2010 this way, cyclohex-2-enone 1a and benzenethiol 2a were used as standard substrates and the variation in the temperature, time, presence or absence of catalyst were investigated. At first, the reaction was tested under room temperature, using CH 2 Cl 2 as solvent in the presence of PhSeBr (2 mol%); thus after 10 min the product of 1,4-addition was obtained in 65% yield. However, under this reaction condition traces of the thioacetal were also obtained. In attempt to avoid the thioacetal by-product and to select the β-mercapto ketones, as a sole product, we carried out the reaction at 0 and -20 °C. At 0 °C a mixture of both β-mercapto ketone and thioacetal was yet obtained, but changing the temperature to -20 °C, after 20 min, the desired product in 79% yield was found with no mixture. Regarding the influence of the catalyst, neither β-mercapto ketones nor thioacetals were obtained when the reactions was carried out in the absence of PhSeBr. Thus, the analysis of the optimized reaction conditions demonstrated that the optimal ones for this procedure were the addition of cyclohex-2-enone 1a (1 mmol), benzenethiol 2a (1.1 mmol), PhSeBr (2 mol%) and CH 2 Cl 2 (1 mL) as a solvent. After the addition, the reaction was stirred for 20 min at -20 o C and the product 3a was obtained in 79% yield. These reactions conditions were systematically applied to other substrates to demonstrate the efficiency of this method, and the results are summarized in Table 1 .
Inspections of Table 1 show that in general, all of the reactions proceeded smoothly with good yields. Most importantly, the addition turned out to be general with respect to a diverse array of functional thiol sources. Our experiments showed that the reaction with thiols having aryl and aryl substituted, was sensitive to the electronic nature of functional groups present in the aromatic ring. Electron donating group such as metoxy gave the conjugated addition product in high yield 95%, in contrast to this, electron withdrawing group decrease the yield (Table 1 , entries 7, 8 and 11). We also observed that hindered and non-hindered alkyl thiols gave the desired products in good yields (Table 1 ; entries 2, 4 and 6). As shown in Table 1 , bulky carbonyl ketone afforded the 1,4-addition product in moderated yields ( in this methodology was observed when oxazolethiol derivative 2j was used as thiol source. In this case no product was obtained, even under long reaction time, probably due to steric effects. It was gratifying to discover the use of cyclohex-2-enone 1a and benzenethiol 2a as standard substrates and the simply changing in the temperature from -20 °C to reflux, in the procedure described to obtaine β-mercapto ketones 3, had a dramatic effect. Thus, the reaction of cyclohex-2-enone 1a (1 mmol), benzenethiol 2a (4.0 equiv.) with PhSeBr (2 mol%) in CH 2 Cl 2 (1 mL) at reflux, gave thioacetal 4a as the sole product in 85% yield. Using the optimized reaction conditions, a wide variety of thiols containing useful functional groups can be successfully used as substrate ( Table 2 ). The results revealed that the aryl, alkyl and benzyl thiols, gave the product efficiently under these conditions. The exception was the bulky thiols 2d, 2J and 2k, which did not gave the desired product, even changing the reaction conditions.
The fact that the protection of thiols has found widespread applications in the organic transformations 16 associated with the simple preparation, low cost and easy handling of PhSeBr, prompted us to study its application on the thiol reaction with dihydropyrane. Thus, the standard reaction condition applied to prepare the β-mercapto ketones 3 was also tested for the reaction of thiols and dihydropyrane. In this way, the reaction of Table 3 .
The results showed that the reaction is not sensitive to the electronic effect at aromatic ring in the thiol. For example, both arylthiol bearing electron-donating (OMe) and electron-withdrawing (Cl) group gave the product in good yields. Differentiation in the reactivity between chlorine and sulfur atoms of thiol can also be seen by the reaction of thiols 2k and 2f to provide only the THP thioether products in 85 and 90% yields, respectively, without any side-product observed. In this case, the chlorine substituent was not affected.
Conclusions
We described herein an efficient method for PhSeBrmediated addition of thiols to α,β-unsaturated carbonyl compounds providing a versatile and regioselective synthesis of 1,4-addition products or thioacetals. The reaction was highly controlled by the temperature in which, the 1,4-addition products were obtained when the temperature was -20 °C; conversely when the reaction was carried out at reflux thioacetals were obtained as a sole product. With this protocol, we were also able to prepare THP thioethers under mild conditions in fair to excellent yields demonstrating the versatility of the PhSeBr in this catalytic system. The advantages of this method include, the use of cheap, easy and handle catalyst, non anhydrous reaction conditions, non aqueous work-up and ease of product isolation, besides short reaction times and high yields. This reaction associated with the ease in which the protect group can be removed from thiol, can contribute to an interesting alternative route for preparation of more functionalized organothiols.
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